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ENCAPSULANT FOR MICROACTUATOR 
SUSPENSION 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a disc drive 
microactuator. More particularly, the invention relates to an 
encapsulant covering all exposed surfaces of a component 
Wherein the component may be selected from the group 
consisting of the microactuator, slider, disc spacer, surface 
mount component on a printed circuit card assembly, or a 
ceramic component of a disc drive. The invention further 
relates to a microactuator driven by pieZoelectric (lead 
Zirconate-titanate) crystals, the microactuator having 
improved cleanliness and decreased particle generation lev 
els Within the drive. 

Disc drive systems include disc drive suspensions for 
supporting transducing heads over information tracks of a 
rotatable disc. Typically, suspensions include a load beam 
having a mounting region on a proximal end, a ?exure on a 
distal end, a relatively rigid region adjacent to the ?exure, 
and a spring region betWeen the mounting region and the 
rigid region. An air bearing slider, Which holds the trans 
ducing head, is supported by the ?exure. Tile mounting 
region is typically attached to a base plate for mounting the 
load beam to an actuator arm. A motor, Which is controlled 
by a servo control system, rotates the actuator arm to 
position the transducing head over the desired information 
tracks on the disc. This type of suspension is used With both 
magnetic and non-magnetic discs. 

The density of concentric data tracks on magnetic discs 
continues to increase (i.e., the siZe of data tracks and radial 
spacing betWeen data tracks are decreasing), requiring more 
precise radial positioning of the transducing head. 
Conventionally, head positioning is accomplished by oper 
ating an actuator arm With a large-scale actuation motor, 
such as a voice coil motor (VCM), to radially position the 
head on the slider at the end of the actuator arm. The 
large-scale motor lacks suf?cient resolution to effectively 
accommodate high track density discs. Thus, a high resolu 
tion head positioning mechanism, or microactuator, is nec 
essary to accommodate the more densely spaced tracks. 

One design for high resolution head positioning involves 
employing a high resolution microactuator in addition to the 
conventional loW resolution actuator motor, thereby effect 
ing head positioning through dual stage actuation. Various 
microactuator designs have been considered to accomplish 
high resolution head positioning. These designs, hoWever, 
all have shortcomings that limit the effectiveness of the 
microactuator. Many designs increas the complexity of 
designing and assembling the existing components of the 
disc drive, While other designs are unable to achieve the 
force and bandWidth necessary to accommodate rapid track 
access. Therefore, those prior designs do not present ideal 
microactuator solutions. 
More recent microactuator designs employ electroactive 

elements to effect movement of the suspension With respect 
to the actuator arm, i.e. suspension level microactuators, or 
to effect movement of the ?exure With respect to the 
suspension. In a suspension level microactuator, the elec 
troactive elements generally include pieZoelectric crystal 
dies attached betWeen a head mounting block (or base plate) 
of the actuator arm and the head suspension. The pieZoelec 
tric elements are typically ceramic PZT crystals and are 
either single layer or multi-layer (ML) crystals. 

In the ?eld of hard disc drives, ceramic (hard) particles are 
a major source of damage to recording heads and the disc 
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media, and the PZT crystals are a source of ceramic particles 
Within the drive. In operation, voltage is applied to the PZT 
crystals to deform the element and thereby effect movement 
of the suspension With respect to the actuator arm. The 
voltage application to the pieZoelectric element causes 
expansion and contraction of the PZT die, Which causes 
ceramic particles to be ejected from the surfaces and edges 
of the element. The particles are a potential source of 
damage to the recording head and disc media and result in 
hard errors, head failures, and loss of data. 

Cleaning has been the primary method for hard particle 
removal, but cleaning Weakens the grain boundaries and 
alloWs for more particles to be freed from the PZT crystal, 
thereby exasperating the hard particle problem. Multi-layer 
PZT crystals also pose an additional problem because mois 
ture in the drive environment Will cause electrode migration 
of the Ag—Pd electroding, Which can signi?cantly loWer the 
insulation resistance of the ML PZT crystal. This effect Will 
be observed as a loss in stroke performance of the head 
gimbal assembly over time. 
Some prior systems have tried to minimiZe particles by 

cleaning of the suspension assembly in an aqueous or 
solvent system, but have not succeeded because the particle 
reduction plateaus. Other systems use glob-top encapsulants 
to minimiZe particles, but such encapsulants are not useful 
in a drive environment due to contamination issues and 
microactuator stroke reduction. In addition, some moisture 
barrier techniques involve embedding the ends of the lay 
ered electrodes in the PZT, but this technique minimiZes the 
effective area of the ML crystal, reduces total potential 
stroke for a given die siZe, and contributes more area for 
particle generation. A microactuator, for example, is needed 
Which minimiZes particles ejected from the PZT crystals 
during voltage application, signi?cantly reduces surface 
particulate levels, and provides a moisture barrier that does 
not contribute to hard particle generation or loWer the 
insulation resistance in capacitance. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to an encapsulant suit 
able for covering all exposed surfaces of a component. The 
component may be usable in a disc drive and may be 
selected from the group consisting of a microactuator, slider, 
disc spacer, surface mount components on a printed circuit 
card assembly, or ceramic components of the disc drive. The 
encapsulant may cover a microactuator for selectively alter 
ing a position of a transducing head carried by a slider in a 
disc drive system With respect to a track of a rotatable disc 
having a plurality of concentric tracks. The microactuator 
may be of the type comprising a pieZoelectric element. A 
polymer coating encapsulates all exposed surfaces of the 
pieZoelectric element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top vieW of a disc drive actuation system for 
positioning a slider over tracks of a disc. 

FIG. 2 is a top vieW of a microactuation system for use in 
a dual stage disc drive actuation system for high resolution 
positioning of a slider. 

FIG. 3 is cross sectional vieW of pieZoelectric elements of 
the microactuator taken along line 3—3 of FIG. 2. 

DETAILED DESCRIPTION 

FIG. 1 is a top vieW of a disc drive actuation system 10 
for positioning a slider 12 over a track 14 of a disc 16. 
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Actuation system 10 includes voice coil motor (VCM) 18 
arranged to actuate an actuator arm 20 on a spindle around 
an aXis 22. Ahead suspension 24, or load beam, is connected 
to actuator arm 20 at a head mounting block 26. A?eXure 28, 
or gimbal, is connected to a distal end of head suspension 24, 
and supports slider 12. Slider 12 carries a transducing head 
(not shoWn) for reading and/or Writing data on concentric 
tracks 14 of disc 16. Disc 16 rotates around an aXis 30, so 
that Windage is encountered by slider 12 to keep it aloft a 
small distance above the surface of disc 16. 

VCM 18 is selectively operated to move actuator arm 20 
around aXis 22, thereby moving slider 12 betWeen tracks 14 
of disc 16. HoWever, for disc drive systems With high track 
density, VCM 18 lacks suf?cient resolution and frequency 
response to position the transducing head on slider 12 over 
a selected track 14 of disc 16. Thus, a higher resolution 
microactuation device is used to ?nely position slider 12, as 
shoWn in FIG. 2. 

FIG. 2 is a top vieW of a microactuation system for use in 
a dual-stage disc drive actuation system for high resolution 
positioning of slider 12. In particular, FIG. 2 shoWs a 
suspension level microactuator 32. Head mounting block 26, 
or the base plate, is attached to a distal end of actuator arm 
20 (not shoWn). Head suspension 24 is attached to head 
mounting block 26 by microactuator 32. A distal end 34 of 
head suspension 24 is attached to ?eXure 28 and applies a 
preload force to slider 12 at a load point to force slider 12 
into close proximity With a surface of disc 16 When the disc 
drive is in operation. Slider 12 is attached to ?eXure 28 by 
a tongue at a distal end of ?eXure 28. 

The microactuator 32 includes a compliant connection 
joint 36 for connecting head suspension 24 to head mounting 
block 26. Head mounting block 26, head suspension 24, and 
compliant joint 36 may be formed of a single sheet of 
material. In the embodiment shoWn in FIG. 2, compliant 
connection joint 36 is comprised of tWo beams located 
betWeen head suspension 24 and head mounting block 26. 

Microactuator 32 further includes pieZoelectric elements 
38a and 38b mounted to head mounting block 26 and head 
suspension 24, generally parallel to compliant joint 36. 
Piezoelectric elements 38a and 38b are deformable longi 
tudinally in response to control signals, an applied voltage, 
across the elements. Expansion and contraction of pieZo 
electric elements 38a and 38b results in deformation of 
compliant joint 36, causing rotation of head suspension 24 
and slider 12 With respect to head mounting block 26, and 
thereby effecting high resolution positioning of the trans 
ducing head carried by slider 12. Complementary eXpansion 
and contraction of pieZoelectric elements 38a and 38b in the 
direction of arroWs 40 and 42, respectively, generate force 
Which causes elastic deformation of compliant joint 36, 
resulting in rotational rigid body movement of head suspen 
sion 24 around joint 36 in the direction of arroW 44. 

Piezoelectric elements 38a and 38b are generally com 
prised of PZT (lead-Zirconate-titanate) crystal dies having a 
single layer of poly-crystal material or a multi-layer (ML) 
comprised of multiple, thin layers of poly-crystal material 
With electroding betWeen each layer. 

Also shoWn in FIG. 2 is a printed circuit card assembly 
(“PCCA”) 43, Which operates as an additional component in 
the disc drive. Trace 45 electrically connects the slider to 
PCCA 43. The microactuation system includes several 
components, including ceramic components, such as slider 
12 and disc spacers, and stainless steel components, such as 
head mounting block 26, head suspension 24, ?eXure 28, or 
actuator arm 20. 
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4 
FIG. 3 is cross sectional vieW of microactuator 32 taken 

along line 3—3 of FIG. 2. Each pieZoelectric element 38a, 
38b of the microactuation system has a top surface 46 and 
a bottom surface 48, With bottom surface 48 being attached 
to head suspension 24 and head mounting block 26 by a 
conductive epoXy 49. Both top and bottom surfaces 46, 48 
include an electrode 50a and 50b (typically gold), to provide 
an electrical interconnect betWeen the disc drive and head 
suspension 24. Top electrodes 50a provide an electrical 
connection to apply voltage to pieZoelectric elements 38a, 
38b and actuate head suspension 24. 

During operation of microactuator 32, voltage is applied 
to pieZoelectric elements 38a and 38b to cause expansion 
and contraction of the PZT crystal dies, Which results in the 
ejection of ceramic hard particles from the hard surfaces and 
edges of the PZT dies. The ejected particles are a major 
source of damage to recording heads and disc media, and 
result in hard errors, head failures and loss of data. The 
present invention is an encapsulant covering all eXposed 
surfaces of pieZoelectric elements 38a and 38b Within the 
microactuation system to prevent particle generation during 
operation of microactuator 32. The encapsulant also serves 
as a moisture barrier for ML PZT die by preventing Water 
vapor from reaching the electrodes and causing corrosion of 
the electrodes. 
As shoWn in FIG. 3, an encapsulant 52, or polymer 

coating, covers all eXposed surfaces of pieZoelectric ele 
ments 38a, 38b (i.e., all surfaces eXcept bottom surface 48) 
attached to head suspension 24 and head mounting block 26. 
Polymer coating 52 is preferably applied to pieZoelectric 
elements 38a, 38b prior to placement of pieZoelectric ele 
ments 38a, 38b Within the suspension assembly. Encapsulant 
52 may be applied to pieZoelectric elements 38a, 38b using 
various coating techniques, such as, but not limited to, dip 
or gravity ?oW coating, spray coating, spin coating, screen 
coating, roll coating, or vapor deposition. After coating 
pieZoelectric elements 38a, 38b, polymer coating 52 is 
generally cured to facilitate cross linking of the polymer. 
Subsequent curing depends on the type of the polymer used, 
but usually consists of various curing techniques, such as, 
but not limited to heat, ultra-violet, or electron beam. Cross 
linking the polymer inhibits encapsulant 52 from becoming 
mobile during actuation and thereby restricts particles on the 
surface of elements 38a, 38b from becoming mobile. Once 
polymer coating 52 is fully cured, measured particles on the 
surface of elements 38a, 38b are reduced and the encapsu 
lant acts as a moisture barrier to prevent corrosion of 
electrodes 50a, 50b. The polymer of encapsulant 52 has a 
minimal elastic constant such that it does not restrict motion 
of pieZoelectric elements 38a, 38b and is electrically non 
conductive. 

Encapsulant 52 has a thickness of one micron or less so 
as to not restrict the motion of pieZoelectric elements 38a, 
38b or inhibit electrical connection to top electrode 50a via 
soldering. More preferably, the thickness of encapsulant 52 
is betWeen 25 and 30 angstroms. The thin coating does not 
affect performance of pieZoelectric elements 38a, 38b, (e.g., 
stroke performance or electrical performance). Furthermore, 
coating 52 is thin enough so that an electrical connection 
may be made to top electrode 50a by soldering Without 
degrading the surrounding encapsulant and/or requiring 
laser ablation. 

Encapsulant 52 is comprised of a polymer coating such as 
a ?uorocarbon polymer, parylene, or an epoXy. More 
preferably, the polymer is a ?uoroacrylate or 
per?uoropolyether, such as EGC-1700® or Fomblin 
Z-Tetraol® (manufactured by Ausimont of Italy). 
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One example of polymer coating 52 is Tetraol®, or other 
?uoroacrylates or per?uoropolyethers. The ?uoropolymers 
are generally applied to piezoelectric elements 38a, 38b With 
one of several coating processes, such as dip or gravity ?oW 
coating, spray coating or spring coating, to achieve a thin 
uniform coating. Polymer coating 52 has a thickness 
betWeen 10 to 100 angstroms, depending upon the concen 
tration of the coating solution and the method of coating 
used. 

Curing crosslinks the polymer chains to provide a more 
robust and adhered coating. Curing can take the form of 
either heat, ultra-violet, or electron beam, depending upon 
the polymer used. HoWever, the most preferred method of 
curing for ?uoropolymers is electron beam. In the electron 
beam cure process, electrons are distributed uniformly 
throughout the coating With energies that can eXtend to 
several kilo electron volts (keV), Which are much higher 
energies than the ultra-violet process. An electron beam 
vacuum cure has energies betWeen 20,000 and 80,000 micro 
Coulombs per centimeter squared (uC/cm2) and an electron 
beam air or nitrogen cure has energies betWeen 80,000 and 
250,000 kilo Grays (kGry). 

With ?uoropolymers, uniformity of coating is achieved at 
20 or more angstroms to alloW for reduced liquid particle 
counts (LPC), minimiZed particle generation, and reduced 
degradation in ML PZT crystal stroke from Water vapor 
penetration. In addition, ?uoropolymers encapsulants can be 
soldered through to provide an electrical connection to the 
pieZoelectric element. 
A further eXample of polymer coating 52 is a parylene 

polymer applied using vapor deposition. The parylene is 
coated at a thickness betWeen 0.5 microns and 1 micron, 
such that signi?cant reduction in liquid particle counts are 
observed and no reduction in insulation resistance is moni 
tored from lifetime testing of ML PZT crystals. Electrical 
bonding to the pieZoelectric element is achieved by main 
taining a thin parylene coating or by selectively removing 
the parylene by abrasion or laser ablation. Parylene coatings 
reduce the amount of particles eXtracted from the PZT 
crystal during liquid particle count. Parylene is also an 
effective moisture barrier and prevents Water vapor from 
reaching the electrodes, Which Would cause dendritic groWth 
of the electrodes and corrosion under applied voltage. 

Another eXample of polymer coating 52 used in the 
present invention is epoXy polymers. Epoxy is applied With 
one of several coating processes, such as, dip or gravity ?oW 
coating, spray coating, spin coating, or roll coating, to 
achieve a thin uniform coating. The epoXy coating is cured 
thermally at various temperatures. 

The present invention includes a polymer coating encap 
sulant covering all eXposed surfaces of a pieZoelectric 
element of a microactuation system. The polymer coating 
provides a moisture barrier to prevent Water vapor from 
reaching the electrodes of the pieZoelectric element, Which 
Would cause dendritic groWth of the electrodes, corrosion 
under applied voltage, and loWer insulation resistance 
capacitance. In addition, the encapsulant as a moisture 
barrier does not contribute to hard particle generation. The 
present invention encapsulant alloWs for free movement of 
the PZT crystal, in addition to locking particles at the 
pieZoelectric surface. Furthermore, the polymer coating 
reduces the amount of particles eXtracted during liquid 
particle counts and during voltage application to the pieZo 
electric element (i.e., the liquid particle counts and aerosol 
particle counts are loWered and the particle generation from 
the pieZoelectric elements is minimiZed). The present inven 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

6 
tion is a cost effective Way of reducing contamination in the 
disc drive for microactuator components because the appli 
cation and curing of the encapsulant can be preformed inline 
during manufacture of the pieZoelectric elements. 
Furthermore, the present invention is a unique Way to 
prolong the product life of ML PZT in the disc drive 
environment because of the moisture barrier capabilities. 
The present invention encapsulant is also effective as a 

polymer coating for other components of the disc drive 
assembly to prevent hard particle generation Within the disc 
drive. The encapsulant covers all eXposed surfaces of com 
ponents of the disc drive, such as the microactuator, the 
slider, a disc spacer, surface mount components on a printed 
circuit card assembly, any ceramic component of the disc 
drive assembly or any stainless steel component of the disc 
drive assembly, such as the head mounting block, load arm 
assembly, ?eXure or actuator arm. 

Although the present invention has been described With 
reference to preferred embodiments, Workers skilled in the 
art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 
What is claimed is: 
1. An improved disc drive for positioning a slider carrying 

a transducing head With respect to a selected track of a 
rotatable recording disc, the disc drive of the type having a 
movable actuator arm, a head suspension, a microactuator, a 
?eXure, a slider and a transducing head carried by the slider, 
the improvement comprising: 

an encapsulant covering all eXposed surfaces of a com 
ponent selected from the group consisting of the 
microactuator, the slider, a disc spacer, surface mount 
components on a printed circuit card assembly, ceramic 
components of the disc drive, and stainless steel com 
ponents of the disc drive, and 

the encapsulant having a thickness of one micron or less. 
2. The improvement of claim 1, Wherein the encapsulant 

is selected from the group consisting of a ?uorocarbon 
polymer, parylene, and an epoXy. 

3. An improved microactuator for selectively altering a 
position of a transducing head carried by a slider in a disc 
drive system With respect to a track of a rotatable disc having 
a plurality of concentric tracks, the microactuator of the type 
including a pieZoelectric element, the improvement com 
prising: 

a polymer coating encapsulating all eXposed surfaces of 
the pieZoelectric element, and 

the polymer coating having a thickness of one micron or 
less. 

4. The improvement of claim 3 Wherein the polymer 
coating is applied to the pieZoelectric element prior to 
placement of the pieZoelectric element in the disc drive 
system. 

5. The improvement of claim 3 Wherein the polymer 
coating is applied to the pieZoelectric element by dip 
coating, gravity coating, spray coating, screen coating, roll 
coating or vapor deposition. 

6. The improvement of claim 5 Wherein after the polymer 
coating is applied to the pieZoelectric element, the pieZo 
electric element is cured by heat, ultra-violet rays or an 
electron beam. 

7. The improvement of claim 3 Wherein the polymer 
coating is substantially uniform. 

8. The improvement of claim 3 Wherein the thickness of 
the polymer coating is betWeen about 25 angstroms and 
about 30 angstroms. 
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9. The improvement of claim 3 wherein the polymer 
coating is selected from the group consisting of a ?uoro 
carbon polymer, parylene and an epoxy. 

10. A microactuator comprising: 
a ?rst pieZoelectric element attached betWeen a mounting 

block and a suspension, the ?rst pieZoelectric element 
being deformable in response to a voltage applied 
thereto; 

a uniform polymer coating encapsulating all exposed 
surfaces of the ?rst pieZoelectric element; and 

a compliant joint connected betWeen the mounting block 
and the suspension, the compliant joint being ?exible to 
permit movement of the suspension With respect to the 
mounting block. 

11. The microactuator of claim 10 Wherein the ?rst 
pieZoelectric element is comprised of a single layer crystal 
die. 

12. The microactuator of claim 10 Wherein the ?rst 
pieZoelectric element is comprised of a multiple layer crystal 
die. 

13. The microactuator of claim 10 Wherein the ?rst 
polymer coating is selected from the group consisting of a 
?uoroacrylate, a per?uoropolyether, an epoxy, and parylene. 

14. The microactuator of claim 10 Wherein the polymer 
coating has a thickness of one micron or less. 

15. The microactuator of claim 10, and further comprising 
a second pieZoelectric element attached betWeen the mount 
ing block and the suspension, the second pieZoelectric 
element being encapsulated by a uniform polymer coating 
and deformable in a direction complementary to deforma 
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tion of the ?rst pieZoelectric element in response to a voltage 
applied thereto. 

16. An improved disc drive for positioning a slider 
carrying a transducing head With respect to a selected track 
of a rotatable recording disc, the disc drive of the type 
having a movable actuator arm, a head suspension, a 

microactuator, a ?exure, a slider and a transducing head 
carried by the slider, the improvement comprising: 

an encapsulant covering all exposed surfaces of a com 
ponent selected from the group consisting of the 
microactuator, the slider, a disc spacer, surface mount 
components on a printed circuit card assembly, ceramic 
components of the disc drive, and stainless steel com 
ponents of the disc drive; and 

Wherein the encapsulant is selected from a group consist 
ing of a ?uorocarbon polymer, parylene, and an epoxy. 

17. An improved microactuator for selectively altering a 
position of a transducing head carried by a slider in a disc 
drive system With respect to a track of a rotatable disc having 
a plurality of concentric tracks, the microactuator of the type 
including a pieZoelectric element, the improvement com 
prising: 

a polymer coating encapsulating all exposed surfaces of 
the pieZoelectric element; and 

Wherein the polymer coating is selected from a group 
consisting of a ?uorocarbon polymer, parylene and an 
epoxy. 
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